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nEDM Current source

Matter-Antimatter asymmetry

Why is there more matter than anti-matter in the observable
universe?

Satellite observations of the universe yield an asymmetry between
matter and anti-matter of

η =
nB − nB̄

nγ
≈ 6× 10−10

For an initial equal amount of matter/anti-matter, any dynamic
process should satisfy the Sakharov conditions:

I The conservation of baryon number has to be violated
I Some processes have to violate C- and CP-symmetry
I The reactions should happen out of thermal equilibrium
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nEDM measurement principle

The interaction Hamiltonian of a neutron in a static magnetic field
and a static electric field is

H = −~µn · ~B − ~dn · ~E

The measured Larmor frequencies would be

I For parallel fields: hν↑↑ = −2(µnB↑↑ + dnE↑↑)
I For anti-parallel fields: hν↑↓ = −2(µnB↑↓ − dnE↑↓)

A differential measurement then yields:

dn = −
h(ν↑↑ − ν↑↓) + 2µn(B↑↑ − B↑↓)

2(E↑↑ + E↑↓)
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A stable B field is crucial

dn = −
h(ν↑↑ − ν↑↓) + 2µn(B↑↑ − B↑↓)

2(E↑↑ + E↑↓)

Under the assumption that ~E and especially ~B are stable:

||~E↑↑|| = ||~E↑↓|| = E

||~B↑↑|| = ||~B↑↓|| = B

An nEDM would appear as

dn = −
h(ν↑↑ − ν↑↓)

4E
Our measurement is very sensitive to the magnetic field!
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We need a very precise control of the B-field.

Therefore we
I shield our environment (active/passive)
I monitor the ~B field with magnetometers (Hg, Cs, He)
I use a very stable current source.
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Stability characterisation

We characterise the stability of our equipment with the Allan
standard deviation.

Image source: LPSC Grenoble
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Principle of the new current source
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Requirements for the coil

The dedicated magnetic field coil of the current source needs:

I to contain the field in the coil → reduces influence of shield
I room for at least two magnetometers → gradiometer

operation
I low gradients → larger signal + less systematics
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Coil design philosophy

The method is based on Maxwells equations in a currentless
region:

∇ · ~B = 0 and ∇× ~B = 0

The magnetic field may be expressed as ~B = −∇Φ.
The magnetic field in this region is only defined by the boundary
conditions.
The behaviour of the field is given by the Laplace equation:

∇2Φ = 0
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Expected performance

For a field Bz = 30 µT we get gradients dBz/dz :
I In the ideal case: ≈ 0.1 nT/cm
I Realistic case (≈ 1 mm misalignment): ≈ 3 nT/cm

Realistically the field homogeneity is ≈ 10−4.
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Magnetometry

Magnetometry based on optical pumping of an atomic vapor.
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The FSP method
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Present status

I We are presently setting up the magnetometry lab.

I Need to investigate the performance of a K magnetometer.
I Implement an array of 4 magnetometers.
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